S2
 ROCSA lineshapes. Theoretical lineshapes were generated in SIMPSON using a reduced anisotropy of 19.0 and asymmetry parameters of 0.55, 0.65, 0.75, and 0.85. At high values of the asymmetry parameter, broadening caused by homonuclear dipolar interactions can potentially interfere with assigning a sign to the reduced anisotropy. It should be noted that the magnitude of the reduced anisotropy is underestimated when fitting experimental ROCSA lineshapes in the absence of the dipolar coupling. Figure S4 . Structural details of selected regions in OAA. Relevant residues and waters are shown in color and hydrogen bonds are indicated. A) L3, surrounding residues and crystallographic water; note the hydrogen bond between the backbone amide of L3 and a bulk water. B) The hydrogen bond bridge formed between V33 amide, a crystallographic water, and the side chain of Y4. C) N37 side chain surrounded by bulk water. D) The hydrogen bond between Y53 amide and water. E) Analysis of the differences in experimental versus calculated reduced anisotropy parameters for selected residues. All atoms (black), all atoms plus water molecules (purple), H atoms only (blue) and H-atoms plus waters (magenta) were included in the minimization. 
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